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PREFACE
This Framework Study, written under the auspices of the lowa Natural Resources
Council, is dedicated to the people of the State of lowa The report represents a
culminat ion of  a three year  pro ject  designed to bet ter  contro l ,  u t i l ize,  and protect
lowa's water resources.
The Natura l  Resources Counci l  would l ike to acknowledge the fo l lowing groups
for  thei r  ass is tance in prepar ing the Study:  the lowa Geological  Survey;  lowa
Department of Environmental Quality, lowa Department of Agriculture; lowa State
Historical Department, Division of Historic Preservation; lowa Conservation
Commission;  lowa Development  Commission,  Department  of  Soi l  Conservat ion;
Energy Pol icy Counci l ,  Ci t izen 's  Advisory Commit tee,  U.S.  Army Corps of  Engineers;
U.S. Soil Conservation Service; United States Geological Survey; U.S. Weather
Service; Federal Insurance Administration, and lowa State University.
Fur ther  acknowledgement is  made to the numerous indiv iduals who a ided in the
research and preparation of this report.
Preparation and publication of this report was supported in part by grants
made by the Federal Water Resources Council
under T i t le  l l l  o f  the 1965 Water  Resources Planning Act '
f--=-
Water Pol icy Goals Mandated
By Chapter 455A, Code of lowa:
that the water resources of the state be out to beneficial use to the fullest extent of
which they are capable;
that  the waste,  unreasonable use,  or  unreasonable methods of  use of  water  be
prevented:
that the conservation of the state's waters be exercised with a view to assuring the
reasonable and beneficial use thereof in the interest of the people;
that  the publ ic  and pr ivate funds for  the promot ion and expansion of  the benef ic ia l
use of water resources shall be invested to the end that the best interests and wel-
fare of the people are served;
that the state's water resources agency shall have the duty and authority to establish
and enforce an appropr iate comprehensive state-wide program for  the contro l ,
u t i l izat ion,  and protect ion of  the sur face and groundwater  esources of  the state;
that the protection of l i fe and property from floods, the prevention of damage to
lands therefrom, and the order ly  development ,  wise use,  protect ion,  and conser-
vation of the water resources of the state by the considered and proper use thereof
(by benef ic ia l  user  groups) ,  is  of  paramount  importance to the wel fare and pros-
perity of the people of the state;
that  the comprehensive,  s tatewide p lan for  the contro l ,  u t i l izat ion,  and protect ion
of  the water  resources of  the state shal l  inc lude a l l  uses and developments of  water
resources,  and shal l  prov ide for  the opt imum contro l ,  protect ion,  development ,
a l locat ion,  and ut i l izat ion thereof ;
that  the p lan shal l  g ive considerat ion speci f ica l ly  to  the needs of  domest ic  house-
holds,  munic ipal  corporat ions,  agr icu l ture,  industry ,  f ish and wi ld l i fe ,  recreat ion,
heal th,  pol lu t ion contro l ,  and a l l ied mat ters ( inc luding energy product ion and
border  r iver  navigat ion)  as they re late to water  resources and f lood contro l ;  fur ther ,
that  the use of  water  for  domest ic  purposes (dr ink ing water  and ord inary household
use)  and for  ord inary numbers ( fami ly- farm sustenance) of  poul t ry ,  l ivestock,  and
domest ic  animals shal l  have pr ior i ty  over  other  uses (wi th a balancing of  pr ior i t ies
among other  users in  a regional  and/or  groundwater  aqui fer  sense);
that  water  occurr ing in  any underground basins (aqui fers)  or  in  any watercourse,
or  other  natura l  body of  water  of  the state,  is  declared to be publ ic  water  and publ ic
weal th of  the people of  the state of  lowa and subject  to  benef ic ia l  use in  accordance
wi th the statutory prov is ions (and departmenta l  ru les and procedures)  for  regulated
and unregulated uses;
that  no use of  water  shal l  be author ized that  wi l l  impair  the ef fect  of  pol lu t ion contro l
laws as they apply both to the sur face waters and the groundwater  aqui fers of  the
state,  or  impair  or  deplete the establ ished average min imum in-st ream f low (pro-
tected low f low).
COVER:  lowa Farm Pond,  K .  Formanek
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The State
Water PIan
Water -
A Vital  Resource
In  the past ,  lowa's favorable c l imate and geology
have provided p lent i f  u l  water  to meet  the needs of  most
areas of  the state.  However,  per iods of  drought  and f  lood
have p laced severe st ress on the state 's  economy and on
a f fec ted  i nd i v i dua l s .  Today ,  g row ing  demands  on  ou r
water  resources create conf  l ic t  between c lasses of  users
as each sector  at tempts to meet  i ts  demands for  larger
and  more  re l i ab le  supp l i es .  Fu r the rmore ,  acce le ra ted
development  of  f  lood-prone areas f  or  agr icu l ture,
industry ,  and res ident ia l  use creates demands for
expanded f lood protect ion,  a s i tuat ion that  ca l ls
at tent ion to the need for  increased regulat ion of  f lood
p ra rn  occupancy .
Problems growing out  of  water  shor tages or
surp luses cannot  be v iewed as iso lated cases.  Water
resource uses cont inual ly  in teract  and somet imes
con f l i c t  w i t h  o the r  ac t i v i t i es :  some  examp les  f o l l ow
i  l l us t ra t i ng  t hese  con f  l i c t s :
1.  Drainage of  wet lands:  Many areas could be
b rough t  i n to  ag r i cu l t u ra l  p roduc t i on  i f  t he  l and
were proper ly  dra ined,  or  s t reams st ra ightened
and  t imber  c l ea red .  Howeve r ,  such  ac t i ons
destroy wi ld l i fe  habi tat  and may have adverse
e f fec t s  on  downs t ream f l ood ing .  The  rema in ing
wet lands are cr i t ica l  to  migratory water fowl  and
to a var iety  of  other  p lants and animals that  are
essen t i a l  f o r  ma in ta in ing  an  eco log i c i a l  ba lance .
2. Waste disposal in streams: Streams have the
abi l i ty  to  ass imi late safe ly  a var iety  of  waste
mater ia ls ,  par t icu lar ly  the ef f luent  f rom water
pol lu t ion contro l  p lants.  However,  cont inued
uncontro l led use of  these waters to d ispose of
mun ic i  pa l ,  i  ndus t r i a l ,  and  ag r i cu l t u ra l  was tes  w i  l l
exceed the safe capaci ty  and fur ther  degrade
the i r  qua l i t y ,  mak ing  them unsu i t ab le  f o r  many
o t h e r  u s e s  i n c l u d i n g  w a t e r  s u p p l y  a n d
recreat ion.
3.  Reservoi r  construct ion:  Reservoi rs  can help
solve f lood problems and supply water  for
domes t i c  and  i ndus t r i a l  uses .  They  a l so  p rov ide
add i t ional  acreage for  water-or iented recreat ion,
a l though many users prefer  natura l ,  f ree- f lowing
r i ve rs  t o  a r t i f i c i a l  akes .  I n  add i t i on ,  t he re  a re
adverse ef fects associated wi th destruct ion of
r iver ine habi tat  and the adverse impact  of  pool
f l uc tua t i ons  on  sho re l i nes .
Goals and Scope
of a State Water Plan
Chapter  4554,  Code of  lowa,  d ic tates the water
pol icy goals to be achieved in a state water  p lan.  These
goals are l is ted at  the beginning of  th is  repor t .  In
summary,  the mandate is  to  develop a p lan to put  the
sur face and groundwater  esources of  the state to thei r
Jul lest  benef ic ia l  use so that  the prosper i ty ,  general
wel fare,  and best  in terest  of  the state is  served.  More
speci f ica l ly ,  th is  goal  may be stated as fo l lows:
1.  To orovide for  the ef f ic ient  use of  the state 's
water  resources,  both now and in the future.
2.  To conserve water  and re lated land resources of
the state and prevent waste.
3.  To provide an adequate and safe watersupplyfor
ex is t ing and future use to meet  a var iety  of
demands .
4.  To protect  and enhance the qual i ty  of  water  in  the
state.
5.  To consider  in terre lat ionships among socia l ,
economic ,  and  en r i vonmen ta l  va lues ,  and  reduce
adverse impacts caused by conf l ic ts .
Water Plan '78 - Framework Study is the init ial
ef for t  to  fu l f i l l  the goals l is ted above.  l t  is  conf ined to a
s tudy  and  eva lua t i on  o f  ex i s t i ng  da ta ,  and  to
recommendat ions of  pol ic ies and programs for  fu ture,
more deta i led regional ,  county,  and local  p lanning and
development  pro jects.  Ul t imate ly ,  i t  may help solve
these  p rob lems  i den t i f i ed  i n  t h i s  s tudy .
Part ic ipants in the
n l  . nr l an  n  Ing  r rocess
The  p r i nc ipa l  wo rk ing  g roup ,  t he  Techn i ca l
Coordinat ing Commit tee (TCC),  was formed in 1975 to
provide technological  guidance and coordinate ef for ts
to par t ic ipat ing agencies and task forces.  The TCC was
compr ised of  representat ives f  rom those state agencies
concerned wi th natura l  resources,  inc luding the
fo l l ow ing :
Department  of  Envi ronmental  Qual i ty
Department  of  Soi l  Conservat ion
lowa Conservat ion Commission
lowa Geological  Survey
lowa Natura l  Resources Counci l
O f f i ce  f o r  P lann ing  and  P rog ramming
Energy  Po l i cy  Counc i l
Department  of  Transportat ion
Representatives f rom the Attorney General's Off ice and
the lowa State Water Resources Research Institute
served as advisors to the TCC'
Task Force MembershiP
Members of the individual task forces were selected
for  thei r  expert ise in  thei r  par t icu lar  water  use area '
Representatives f rom state and federal agencies, aswell
as  f r om the  p r i va te  sec to r ,  we re  i nc luded '  A
rep resen ta t i ve  f r om the  Techn i ca l  Coo rd ina t i ng
Commit tee and lowa Natura l  Resources Counci l
p lanning staf f  prov ided the leadership for  the indiv idual
iask forces.  Contr ibut ing agencies and groups,  other
than those l is ted above,  inc lude:
f f i . : . | . . . r i  i . t r ! ,
Junction of the Des Moines and Raccoon Rivers,Des Moines
State Agencies
lowa Commerce Commission
lowa Department  of  Agr icu l ture
lowa  Deve lopmen t  Commiss ion
State Office of Disaster Services
lowa State Univers i tY and the
Water  Resources Research Inst i tu te
Corps of Engineers
Univers i ty  of  lowa and the
lowa Inst i tu te for  Hydraul ic  Research
State Hygienic LaboratorY
Federal Agencies
U .S .  F i sh  and  Wi ld l i f e  Se rv i ce
U .S .  Depa r tmen t  o f  Hous ing  and
Urban DeveloPment
U .S .  Geo log i ca l  Su rveY
U.S.  Army CorPs of  Engineers
U.S.  Coast  Guard
U.S.  Envi ronmental  Protect ion Agency
U.S.  Soi l  Conservat ion Serv ice
U.S.  Nat ional  Weather  Serv ice
Other GrouPs
lowa Associat ion of  Rural  Water  Dist r ic ts
Mid-Amer ica Power Pool
lowa Ut i l i ty  Associat ion
The lzaak Wal ton League of  Amer ica
Seve ra l  commun i t y  and  l oca l  agenc ies .
Task Force Reports
Task forces were selected to develop the basic
i n fo rma t i on  necessa ry  f o r  eva lua t i ng  t he  wa te r
resources of lowa. Seven reports were developed by
experts  in  thei r f  ie lds,  analyz ing the fo l lowing categor ies
oJ water  management and use according to the goals
l is ted under each heading:
Water Quality
. l  
.  To protect  the qual i ty  of  the sur face and
groundwater  esources for  the benef  ic ia l  use of
the c i t izens of  lowa.
2.  To imorove the aesthet ics of  lowa r ivers and
lakes and to protect ,  enhance,  and mainta in
aquat ic  l i fe  and recreat ional  opportuni t ies.
Domestic, Municipal, Commercial, and Industrial Water
Supply
1.  To ensure water  suppl ies of  adequate quant i ty
and qual i ty  to  meet  shor t  and long range needs.
2.  To ensure that  a l l  c i t izens are served by
adequate suppl ies of  potable water  to enhance
the i r  hea l t h  and  we l l - be inq .
Flood Plain Management
1.  To guide an order ly  development  and ef fect ive
management of  the f lood p la ins in  the state,
w i t h i n  a  des ign  tha t  w i l l  m in im ize  the  i n tens i ve
urban occupancy of  these f lood p la ins in  the
f  utu re.
2.  To protect  against  needless loss of  l iJe and
reduce damages to land and property  by f  loods.
Water-Oriented Recreation and Fish and Wildlife
1.  To assure a qual i ty  water-or iented recreat ion
exper ience for  present  and future generat ions
of  lowans by provid ing water  and re lated land
resources of  suf f ic ient  quant i ty  and qual i ty  to
meet  oresent  and future needs.
2.  To enhance or  improve the qual i ty  of  the
natura l ,  scenic,  f ish and wi ld l i fe  resources,  and
preserve the remain ing wet lands and unique
scenic or  sensi t ive water  and re lated land areas
for  the benef i t  oJ a l l .
Water for Energy Production
1.  To enhance economic development  in  lowa by
provid ing the quani ty  and qual i ty  of  water
Corps of EngineersChannelization of Little Sioux River, Harrison County
needed to meet present and future needs for
energy product ion.
2.  To enhance the qual i ty  of  lowa's envi ronment
through the proper management of water and
related resources used for energy production.
Commercial and Recreational Navigation
I To enhance economic development  by use of
commercia l  r iver  navigat ion and barge terminal
facil i t ies as necessitated by concerns for
economic ef f ic iency.
To enhance the qual i ty  of  the border  r iver
corridors for recreation and other uses, and
restoration of the quality of certain natural and
cultural resources and ecological systems.
Agriculture
1.  To improve the economic wel l -being of  lowa;
(a)  by prov id ing the quant i ty  and qual i ty  of
water  requi red as an input  for  agr icu l tura l
.  
product ion levels determined by commodi ty
demands,  and
(b)  by improving water  use ef f ic iency by
agr icu l ture in  the state.
2.  To enhance the qual i ty  of  lowa's envi ronment
through the management,  conservat ion,  or
improvement  in  qual i ty  of  the natura l ,  cu l tura l ,
or ecolog ical resou rces affected by ag ric u ltu ral
production and related water use. Included are
the re lated land use re lat ionships and soi l  and
water conservation practices affecting the
future of lowans.
Additional task force reports were developed by support
g roups  to  f u rn i sh  bas i c  da ta  and  backg round
information for use in the water use and management
reports .  Inc luded in these support ing documents are:
Data Base and Needs
1 .  T o  e s t a b l i s h  a  c o m m o n  b o u n d a r y  f  o r
del ineat ion of  hydrologic  boundar ies,  and to
assure that  common uni ts  are ut i l ized by other
task forces.
2. To examine data shortages, data use, and data
needs pertaining to lowa's water resources.
Water Resources Availability
1. To review the systems used for collection and
analysis of basic water and related land
resources data.
2.  To determine ' locat ion and avai labi l i ty  of  the
sur face and groundwater  resources wi th in the
state.
3.  To compi le in format ion of  quant i ty  and qual i ty
of lowa's water resources for use by other task
forces.
Socio-Economic and Legal and Institutional Aspects of
Water Resources (Law and Government)
1 .  To  examine  p resen t  l ega l ,  i ns t i t u t i ona l ,
demographic,  and socio-economic t rends.
2.  To re late these pol ic ies,  laws,  and t rends to the
projected demands on water and related land
resou rces.
The seven task f  orce repor ts  deal ing wi th
management and use,  and the four  background studies
on Basic Data Needs, Water Availabil ity, Socio-
Economic Aspects,  and Law and Government  are
avai lable on request  f rom the lowa Natura l  Resources
Counc i l .
2.
It
'l
lowa's
Water Resources
In  lowa,  water  is  now used at  a rate of  60 to 150
gal lons per  capi ta per  day (gpcg) '  vary ing.wi th the s ize
ind economic character is t ics of  communi t ies ln  1970'
the tota l  water  wi thdrawn f rom surJace and ground
water  sources was about  2.5 mi l l ion acre- feet ,  or  about  2
b i l l i on  ga l l ons  pe r  day .  By  1975 ,  t h i s  amoun t  more  than
double i  to  5 mi l l ion acre- feet ,  and is  pro iected to reach
at  least  10 mi l l ion acre- feet  by the mid 1990s (Barnard
and Dent ,  1976,  Pro iect ions o{  Populat ion,  Employment '
lncome and Water  Use lor  lowa River  Basins,
1975-2020\.
lowans have accepted a phi losophy of  water
development  based on fa i th  in  natura l  abundance and
renewabi l i ty  of  supply '  By and large,  nature nas
provided abundant ly ,  except  for  epi -sodes of  drought
expe r i enced  u r i ng  t he  1930s ,  and  1950s ,  and  aga in  i n
the 1970s.  However,  th is  phi losophy has not  been tota l ly
sat is factory to a l l  users in  the state,  and hold ing to i t  has
caused some unfor tunate prec idents to be set  in  water
resource management and development .  Conf  l ic ts
between water  users are becoming much more common
as each sector  at tempts to meet  i ts  demands for  larger
and more re l iab le water  suPPl ies.
lowans are only beginning to feel  the impact  of  the
inbalance between water  supply and demand'  Very soon
water  managers and developers must  address the issue
FIGURE'l Diagram of the Water Cycle
of  water  resources a l locat ion which,  in  the past ,  was of
concern only in  those states wi th less abundant  water
su ppl ies.
What  then is  th is  water  resource that  lowans must
protect ,  conserve,  manage,  and a l locate?
The Water Cycle
The ear th 's  water  is  constant ly  in  mot ion,  f rom the
oceans to the atmosphere,  to  the land,  and back to the
oceans,  as shown schemat ica l ly  in  F igure 
. l  
.
Most  of  the precip i ta t ion that  fa l ls  in  lowa inf  i l t ra tes
through the ground sur face in to the soi l  prof  i le .  Of  the
annual  32 inches (800 mm) of  prec ip i ta t ion,  about  75
percent  is  returned by evapotranspi rat ion (evaporat ion
and t ranspi rat ion by p lants) .  About  20 percent  of  th is
precip i ta t ion becomes runof f ,  eventual ly  leaving the
state as st reamf low.  The remain ing f  ew percent
percolates s lowly downward beyond the soi l  moisture
zone to become groundwater .  Dur ing dry per iods '  the
major i ty  of  perennia l  s t reams owe most  or  a l l  o f  thei r
f low to the d ischarge of  groundwater  back to the
sur face.  F igure 2 summarizes the movement of  water  in
lowa's hydrologic  cyc le.  Water  resources p lanning
requires a deta i led knowledge of  a l l  aspects of  the water
cvc le.
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Cl imate is  the most  var iable of  the e lements involved
in the supply of  water  wi th in the state.  lowa's "normal"
c l imate approaches the opt imum for  agr icu l ture,  and
would assure a p lent i f  u l  supply of  water ;  but ,  the normal
c l imate,  in  the sense of  "average",  is  rare ly  exper ienced.
Malor  and pro longed departures f  rom stat is t ica l  normal
c l imate may have ser ious consequences (F igure 3) .
Def ic iencies of  prec ip i ta t ion may cause reduced
crop y ie lds,  or  even crop fa i lures,  and may cause local
water shortages. Excesses often produce destructive
f  loods.  Par t icu lar ly  cr i t ica l  are extreme heat ,  pro longed
droughts,  per iods of  excessive precip i ta t ion,  damaging
winds,  and unseasonably low temperatures that
produce ear ly  and late f rosts.
l f  a tmospher ic  pat terns change f  requent ly ,  weather
al ternates between moist  and dry and warm and cool ,
general ly  benef i t ing growing crops.  l f  a  par t icu lar
pat tern becomes establ ished for  too long a t ime,  we may
b e  f a c e d  w i t h  p r o l o n g e d  d r o u g h t ,  e x c e s s i v e
precip i ta t ion and f  loods,  orextended per iods of  ext reme
cold or  heat .  Many c l imato logis ts  bel ieve that  weather
pat terns have been unusual ly  favorable for  agr icu l ture
throughout  most  of  the present  century,  par t icu lar ly
dur ing the last .10 to 20 years;  what  the c l imat ic  future
holds is  subject  to  considerable debate.
FIGURE 2 Movement of Water In lowa's Hydrologic Cycle
PreciPitation (32")
Evapotranspiration Process lnfi ltration
(26"-27")
SOIL  MOISTURE
Z O N E
Evapotranspiration and lowa's Water Budget
Evapotranspi rat ion is  the tota l  loss of  moisture Jrom
land and water  sur faces to the atmosphere.  l t  inc ludes
the loss through evaporation f rom f ree-water surfaces,
moist  so i l ,  and f rom vegetat ion.  A p lant  ext racts soi l
moisture through i ts  roots,  c i rcu lates i t  through the p lant
t issues.  and t ranspi res i t  in to the atmosphere f rom leaf
surfaces.
Temperature p lays an important  ro le in  water
resou rce  ava i l ab i l i t y  s i nce  the  e f f ec t i veness  o f
prec ip i ta t ion is ,  in  par t ,  a  f  unct ion of  temperature.  High
tempera tu res  mean  i nc reased  evapo t ransp i ra t i on .
Potent ia l  evapotranspi rat ion (PE) in  lowa general ly
exceeds normal  prec ip i ta t ion dur ing June,  Ju ly ,  August ,
and September;  thus,  runof f  and groundwater  echarge
i s  m in ima l  o r  nonex i s ten t  du r i ng  mos t  summers ,
a l though th is  per iod has the most  prec ip i ta t ion in  an
average year .  Under normal  summer condi t ions,  dai ly
water  loss may reach 0.2 to 0.3 inches,  and 0.5 inches
may be lost  on a hot ,  windyday.  lowafarmersappreciate
an inch of  ra infa l l  each week dur ing thegrowing season.
Figure 4 summarizes the water  budget  for  Des
Moines in  graphic form. Actual  evapotranspi rat ion (AE)
and PE are equal  so long as there is  a watersurp lusas in
the case for  Des Moines between October and May.
From June through September,  PE exceeds the
moisture avai lable,  and the rate of  AE is  est imated to be
Init ial Abstraction
(lnterception, etc.,
(2"-3")
on Vegetation)
Direct Surface Runoff(over the surface)
Ground water
(Storage and Movement)
Source: Merwin D. Dougal
(Rivers and Lakes)
FICURE 3 Comparision of Precipitation,
1926-1976, for lowa Stations
Dash line indicates annual average (1926-1976)
Source: U.S. Weather Bureau Climatic Summaries
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proport ional  to  the avai lable soi l  moisture- that  is ,  i f  so i l
moisture is at 60 percent of capacity, the rate of
evapotranspi rat ion wi l l  be about  60 percent  of  PE.
Moisture demands by crops and other  vegetat ion
exceed precip i ta t ion dur ing an average lowa summer;
thus,  so i l  moisture reserves must  make up the
di f ference.  From October through February,  there is  an
excess of  moisture s ince p lants are dormanl  and soi l
moisture supply that  was depleted dur ing the summer
months is  recharged.  By February,  the soi l  is  again
recharged to capaci ty  and there is  a surp lus of  water
between February and May to supply surface and
groundwater  runof f .  A l though a l l  lowa stat ions have a
few summer months of  net  moisture def ic iency,  in  an
average year  annual  prec ip i ta t ion exceeds PE, g iv ing
the state a humid c l imate.
25 
' ' " j
Source: P.J. Waite, lowa Precipitation: Water Resources
of lowa, lowa Academy ol Science, 1970.
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Figures 5,  6,  and 7,  depict  the state pat tern of
average annual  PE,  average water  surp lus f rom March
through May,  and average water  def  ic iency f  rom June
through September.  The pat tern and magni tude of  the
water  surp lus f  or  the state para l le ls  the pat tern of  s t ream
runof f  i l lust rated in  F igure 12.  The normal  pat tern of
st ream discharge ref lects the seasonal  and regional
pat tern of  water  surp lus and water  def ic iency.  Stream
discharge is  general ly  at  a peak dur ing the water  surp lus
per iod,  and at  a min imum dur ing the water  def ic iency
per iod.  Also,  s t reams in nor thwestern lowa have very
poor min imum-f  low character is t ics dur ing the summer,
whi le  nor theastern lowa st reams are more dependable.
Regional  var iat ions in  the water  budget  must  be taken
into considerat ion in  p lanning for  the opt imum use of
lowa's water resources.
lowa Geology and Hydrology
The rate and d i rect ion of  water  movement,  both on
the sur face and underground,  is  contro l led by topo-
graphy,  vegetat ion cover ,  and the nature and at t i tude of
soi l  and bedrock layers.  Water  qual i ty  f  requent ly  ref  lects
the chemist ry  of  the soi ls  and rock mater ia ls  in  which i t  is
found.  Permeable soi l  mater ia ls  and rock f  ormat ions act
as reservoi rs-cal led aqui fers- that  s tore and t ransmit
water .  The character  o l  these aqui fers contro l  the
amount  and qual i ty  of  water  avai lable f rom wel ls  that
penetrate them. Unfor tunate ly ,  these underground
reservoi rs  are not  uni f  ormly d is t r ibuted across the state;
nei ther  is  the qual i ty  of  the water  they conta in nor  the
prospects of  a g iven rate of  y ie ld.
FIGURE 5 Potential Evapotranspiration for lowa
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Hydrology and Geology of Groundwater
lowa landscapes have been formed by the action of
water ,  g lac ia l  ice,  and wind.  The sur face features are
most ly  developed in re lat ive ly  young,  unconsol idated
sediments that  mant le the bedrock;  thus,  two vast ly
d i f ferent  sequences of  ear th mater ia ls ,  funct ioning
interdependent ly ,  form the geologic f ramework that
in f luences the occurrence of  water  in  the state.  The
uppermost  and youngest  of  these sequences consist
most ly  of  unconsol idated sediments of  g lac ia l  or ig in;
the lower and o lder  sequence is  formed by a l ternat ing
layers of  consol idated rock,  pr inc ipal ly  l imestone,
dolostone.  shale.  and sandstone.
Unconsolidated Sediments
Dur ing several  episodes of  the geologic past ,  dat ing
back some two mi l l ion years,  cont inenta l  g lac iers
advanced into lowa.  Each episode deposi ted a mant le of
sediment-cal led dr i f t -upon a preexis t ing bedrock or
dr i f t  sur face.  In  nor th centra l  lowa,  young g lac ia l  dr i f t  o f
the most  recent  Wisconsinan g lac ia l  advance forms
most  of  the sur face mater ia ls  in  the Des Moines Lobe.  In
southern lowa,  o lder  g lac ia l  dr i f ts  have been extensively
eroded by st ream act ion and subsequent ly  capped by
deposi ts  of  wind-b lown sediments cal led loess.  The
northeastern corner  of  lowa was g lac iated at  a very ear ly
per iod,  but  was never  again invaded by g lac ia l  ice.
Subsequent  eros ion has st r ipped away most  of  the dr i f t
cover  in  nor theastern lowa,  leaving a topography
developed on bedrock;  thus,  the term "Dr i f t less Area".
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FIGURE 7 Water Deficiency, fune-September
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Surface materials and terrain features of lowa are
shown in F igure 8.  Dr i f t  th ickness ranges f rom a feather
edge in bedrock outcrop areas of northeast lowa to 600
feet in Crawford County in the west. Over much of
northwest lowa, the drift is 300 to 500 feet thick. In the
"Drif t less Area", d rif t occ urs on ly as ve ry smal l scatte red
remnants.  Stream-deposi ted a l luv ium is  shown only in
the Miss iss ippi  and Missour i  River  f  lood p la ins because
elsewhere i t  cannot  be sui tably  mapped at  th is  scale.
Al luv ia l  mater ia ls ,  character is t ica l ly ,  are more
granular  and wel l  dra ined,  of ten f  urn ishing large
suppl ies of  re lat ive ly  shal low water  in  the larger  r iver
f lood p la ins.  Most  g lac ia l  dr i f t  areas are dominated by
poor ly  permeable c lays wi th vary ing admixtures of  s i l t
and sand;  however,  some may conta in lenses of  c lean
sand and gravel  that  may furn ish good local ized water
suppl ies.  Bur ied pre-g lac ia l  channels a lso may y ie ld
large quant i t ies of  water ,  but  they may be d i f f icu l t  to
locate. The younger drifts of north central lowa have a
higher  overal l  proport ion of  sand and gravel  than do the
older  dr i f ts  ly ing outs ide the Des Moines Lobe.  Loess
consists  largely of  s i l t  and c lay,  wi th c lay content
increasing from west to east across the state. Loess is
h ighly  permeable in  areas where s i l t -s ized mater ia ls
make up a h igh percentage of  the loess,  but  water
movement may be restr ic ted where c lay content  is  h igh.
Bedrock Sequence
Beneath the veneer of  unconsol idated sediments of
Ple is t rocene and Recent  age,  l ie  the bedrock consist ing
of layered formations that collectively form a vast
reservoi r  in  which water  is  s tored.  This sequence of
sedimentary rocks,  deposi ted in  some 600 mi l l ion years
f rom shal low seas,  over l ies a much o lder  basement  of
crysta l l ine and a l tered sedimentary rocks,  co l lect ive ly
cal led the Precambr ian.  The Precambr ian rocks are,  for
the most  par t ,  non-waterbear ing.  The sedimentary
format ions range in th ickness f rom a few hundred feet  in
the northeast to nearly 5,000 feet in the southwest of
lowa.  In ext reme nor thwestern lowa,  they th in to a
feather  edge and the under ly ing,  o lder  Precambr ian
rocks are exposed.  Ver t ica l ly ,  the sedimentary rock
sect ion in  lowa is  dominated by a l ternat ing st rata of
l imestone,  dolostone,  sandstone,  and shale.  A deta i led
summary of  these st rata and thei r  water  bear ing
character is t ics is  g iven in Table 1.
FIGURE 9 ldealized Diagram Typifying the Groundwater Environment of lowa
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TABTE 1 Geologic and Hydrogeologic Units in lowa
AGE ROCK UNIT DESCRIPTION HYDROGEOLOGIC
U N I T
WATER.BEARING
CHARACTERISTICS
()
N
o
Quarternary
Alluvium Sand, gravel, silt and
clay
Surficial aquifer
Fair to large yields
Glacial drift
(undifferentlated)
Predominantly till
containing scattered
irregular bodies of sand
and gravel
Low yields
Buried channel deposits Sand, gravel, silt and
clay Small to large yields
a
N
o
o
Cretaceous
Carlile Formation
Granerous Formation Shale Aquiclude Does not yield water
Dakota Group Sandstone and shale Dakota aouifer High to fair yields
Jurassic Fort Dodge Beds Gypsum, shale Aquitard Does not yield water
N
o
(!
Pennsylvanian
Virgil Series
Missouri Series Shale and limestone Aquiclude Low yields only fromlimestone and sandstone
Des Moines Series )r  rdre! sar rul t tuI leu,Tostlv thin
Mississippian
Meramec Series Limestone, sandy
Mississippian
aquifer Fair to low yieldsOsage Series
Limestone and dolomite
chertv
Kinderhook series Lrmeslone, oolttc. ancldolomite, chertv
Devonian
Maple Mill Shale
Sheffield Formation
Lime Creek Formation
Shale; limestone in
lower part Devonian aouiclude Does not yield water
Cedar Valley Limestone
Wapsipinicon Formation
Limestone and dolomite;
contains evaporites in
southern half of lowa Silurian-Devonian
aquifer High to fair yields
Silurian Niagaran Series
Alexandrian Series Dolomite, locally cherty
Ordovician
Maquoketa Formation Shale and dolomite Maquoketa aquiclude Does not yield water, exceptlocally in northwest lowa
Galena Formation Limestone and dolomite Minor aquifer Low yields
Decorah Formation
Platteville Formation
Limestone and thin
shales; includes sand-
stone in SE lowa
Aquiclude
Generally does not yield water;
fair yields locally in southeast
lowa
St. Peter Sandstone Sandstone Fair yields
Prairie du Chien FormationDolomite, sandy and
chertv Cambrian-Ordovician
aquifer High yields
Cambrian
Jordan Sandstone Sandstone
St. Lawrence Formation Dolomite Aquiclude (wedges out
in northwest lowa) Does not yield waterFranconia Sandstone Sandstone and shale
Dresbach Group Sandstone Dresbach aquifer High to low yields
Precambrian
Sioux Quartzite
Undifferentiated
QuarEite
Coarse sandstones;
crystalline rocks
Base of groundwater
reservoir
Not known to yield water except
at Manson cryptovolcanic area
*Adapted from Steinhilber and Horick
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FIGURE 10 Generalized Bedrock Section of lowa
Manson Anomalous Area
Believed to be a cryptovolcanic
structure (Hoppin and Dryden, 1958)
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Source: Modified from Steinhilber and Horick, 1970
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l f  the over ly ing unconsol idated mater ia ls  are
removed (Figure g) ,  one would see the beveled edges of
the bedrock format ions appear ing as broad nor thwest-
southeast  rending bands that  decrease in geologic age
from nor theast  oward the southwest  (F igure 10) .  This
pat tern is  created by a gent le regional  downwarping of
the layered rock toward a shal low basin centereo near
southwestern lowa.  In the nor thwest ,  the o lder  (Pale-
ozoic)  sedimentary rocks are capped by much younger,
near ly  f la t - ly ing sedimentary rocks of  Cretaceous age
that  mask the banded pat tern of  the Paleozoic rocks.
lowa Aquifers
The  aqu i f e r s  a re  d i v i ded  i n to  two  gene ra l
categories, surf icial aquifers and bedrock aquifers.
Su r f i c i a l  aqu i f e r s  occu r  i n  t he  unconso l i da ted  g lac ia l
and  a l l uv ia l  ma te r i a l s ,  p r i nc ipa l l y  sand  and  g rave l .  They
are subdiv ided into the g lac ia l  dr i f t  aqui fers,  consis t ing
of  local ized sand and gravel  bodies wi th in the g lac ia l
dr i f t ;  the a l luv ia l  aqui lers,  associated wi th the f lood
pla ins of  the major  s t reams;  and the bur ied channel
aqui fers,  located in  preglac ia l  bedrock val leys h idden
benea th  t he  g lac ia l  d r i f t .  Bed rock  aqu i f e r s  a re
compr ised of  water  bear ing l imestones and sandstones
l y i ng  i n  seve ra l  ho r i zons  benea th  t he  s ta te .  Func t i on ing
together ,  these aqui fer  systems form a vast  natura l
s torage-dis t r ibut ion system for  water .
FIGURE 11 lowa Conservancv Districts
The Surface Waters of lowa
Streams
lowa's s t reams supply water  for  human consump-
t i o n ,  a g r i c u l t u r e ,  i n d u s t r i a l  o p e r a t i o n s ,  c o o l i n g
purposes,  generat ion of  hydroelectr ic i ty ,  recreat ion and
other  purposes,  and they accept  and assimi late f f  luents
f rom water  pol lu t ion contro l  fac i l i t ies.  l t  is  obvious that
many of  these uses are in  conf ic t  and requi re the esta-
b l ishment  of  pr ior i t ies and contro l .
lowa's major  dra inage basins and River  Basin
Planning areas are ident i f ied in  F igure 11.  About  69
percent  of  lowa dra ins in to the M iss iss ippi  River  wh i le  the
remain ing 31 percent  l ies wi th in the Missour i  Riverdra in-
age basin.  Streamf low has i ts  or ig in in  sur face runof f
f rom precip i ta t ion,  and d ischarge f rom underground
sources.
Average annual runoff of lowa streams, prorated
over the areas of  the basins in  depth oJ water  in  inches,  is
shown in F igure 12.  The runof f  pat tern corre lates wi th the
average d is t r ibut ion of  prec ip i ta t ion,  wi th the most
def ic ient  areas of  both prec ip i ta t ion ( less than 28 inches)
and runof f  ( less than 2 inches)  occurr ing in  nor thwest
lowa.  F igure 13 shows graphical ly  the average d ischarge
of  lowa's pr inc ipal  r ivers.
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FIGURE12 RiverBasin Districts and Average Annual Runoff
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Floods
Because of  the cr i t ica l  problems re lated to f loods,
they are considered apart  f rom the overal l  p ic ture of
steamf low.  Per iodic  heavy runof f  a t  rates h igh enough to
produce f looding occurs in  a l l  par ts  of  the state.  F loods
may be the resul t  o f  in tense or  pro longed ra infa l l ,
mel t ing snow cover ,  or  a combinat ion of  both.  F lash
f looding of  lowa's smal ler  t r ibutary r ivers,  general ly  in
the summer months,  is  caused by local  c loudbursts.
Reg ional  f  looding,  wh ich may af fect  a l l  or  a major  par t  of
the state, may be caused by prolonged rains of great
areal  extent ,  general ly  in  spr ing and summer.  Snowmelt ,
or  a combinat ion of  pro longed ra infa l l  and mel t ing,
general ly  is  a spr ing phenomenon and f  requent ly  resul ts
in f looding of  lowa's major  r ivers and the border ing
Miss iss ippi  and Missour i  Rivers.
On the state 's  smal ler  s t reams,  f lash f loods have
taken a heavy to l l  o f  l i fe  and property .  One of  the most
catastrophic occurred in  July ,  1958,  when heavy
thunderstorms produced c loudburst  ra infa l l  over  the
headwaters of the East Nishnabotna and South Raccoon
Rivers in  Audubon and Guthr ie Count ies.  The maximum
rainfa l l  repor ted was 12.35 inches at  Audubon;  a
recording gauge in the area measured 7 inches between
mid n ight  and 2:30 AM on July  2.  The h i  gh in tensi ty  of  the
ra infa l l  on the ro l l ing h i l ls ides resul ted in  rapid runof f
and f lash f looding on most  of  the steams in the area.
Major  damages were caused by the East  Nishnabotna
and i ts  t r ibutar ies,  especia l ly  Blue Grass,  David 's ,  and
Troublesome Creeks,  and by the South Raccoon and
some of  i ts  t r ibutar ies.  These f  loods resul ted in  the loss
of  19 l ives and extensive damages ($14,500,000) to
urban and rura l  property ,  roads,  ra i l roads,  br idges,
l ivestock.  and crops.  F lash f  loods have cont inued to
plague the state a lmost  every year ,  g iv ing a warning
each t ime that  nature has f  i rs t  c la im on the f  lood p la ins.
Natural Lakes and Reservoirs
Approximately 870,000 acre-Jeet oJ water is
impounded by lowa's lakes and reservoi rs .  The tota l
sur face area o l  impoundments in  the state exceeds
130,000 acres,  which is  equal  to  on ly  about  0.4 percent  of
the state 's  land.
The natura l  lakes of  lowa are general ly  shal low and
smal l ,  ranging in  sur face area f  rom 5,684 acres (Spir i t
Lake)  to fewer than 10 acres (Lake Park Pond in
Dick inson County) .  These lakes have maximum depths
which vary t rom 4 to 134 feet ,  the la t ter  being the
maximum depth of  West  Okoboj i .  Most  oJ lowa's natura l
lakes are in the north central part of the state. The water
stored in  these lakes is  est imated at  about  300,000 acre-
feet, State-owned reservoirs (artif icial lakes) are
est imated to conta in an addi t ional  50,000 acre- feet  of
water.
There are over  47,000 farm ponds in lowa,  and thei r
tota l  s torage capaci ty  exceeds 119,000 acre- feet .  Most
of these are located in the southern half of the state
\-.+II
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where sur face water  is  l imi ted dur ing dry summer
months and groundwater  is  somet imes chemical ly
unsui table or  too deep to develop economical ly .
There are four  U.S.  Army Corps of  Engineers
mu l t ip le pu rpose reservoi  rs  i  n  lowa:  Coralv i l  le ,  Red rock,
Rathburn,  and Saylorv i l le .  At  normal  pool  level ,  these
reservoi rs  have a tota l  combined storage capaci ty  of
about 400,000 acre-feet.
The People
Know ledge  abou t  t he  s i ze ,  compos i t i on ,  and
dist r ibut ion of  populat ion in  the future is  essent ia l  to
p lann ing  fo r  economic  and  soc ia l  deve lopmen t .  l t  i s  on l y
FIGURE 13 Average Discharge of the Principal Rivers
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when the future demands for  goods,  serv ices,  and
faci l i t ies are known that  these demands can be met  and
deal t  wi th in  an order ly  and adequate manner.  Future
demands of  a populat ion depend upon the s ize and
character is t ics of  that  populat ion- the number of  to ta l
popu la t i on ,  t he  number  o f  young ,  o ld ,  and  work ing
people,  etc .  Whether  p lanning for  water  resource
management or  for  schools,  churches,  medical  serv ice,
t ransportat ion,  ut i l i ty ,  wel fare or  business,  populat ion
project ions wi l l  prov ide a rough guide for  est imat ing
future needs.
Today,  lowa has more than 2.8 mi l l ion people and
ranks 25th in  populat ion among the states o{  the nat ion.
Al though the growth rate has been steady,  the
populat ion of  the state has not  grown as rapid ly  as that
20,000
60,000
Width of  r iver  ind icates average d ischarge in cubic feet  per  second.
Source: U.S.G.S. Surface Water Division, lowa
ributary
ht 1t iL__.1
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TABLE 2 United States and lowa Population Trends, 1900-1970
TABLE 3 lowa Migration Trends, '1940-1970
Census
Year
Population Totals Percentage Change lowa's Rank
Among StatesUnited States Iowa United States lowa
1 900 75,994,575 2,231,853 1 0
1 9 1 0 91.972.266 2,224,771 +21 .O -0.3 I J
1920 105,710,620 2,404,021 +14 .9 +8.1 1 6
1 930 122,775,046 2,470,939 +16 .9 +2.8 ' t9
1 940 131 .669.275 2,538,268 +  7 .2 +2.7 20
1 950 150.697,361 2,621,073 +14 .5 +3.3 22
1 960 179,323.175 2,757,537 +19 .0 +5 .2 24
1 970 203,184,772 2,825,041 +13 .3 +2.4 25
Source: U.S. Bureau of the Census
Years
Beginning
ol
Decade
Population
end ol
Decade
Natural
Increasel
Potential
Populalion2
Net
Change3
Perceni
Net
Migration
Actual Percent
Change Change
1 940-1 950
1 950-1 960
1 960-1 970
2,538,268
2,621,073
2,757,537
2,621,073
2,757,537
2,825,041
82,805 +3.3
136,464 +5.2
67,504 +2.5
2,803,585
2,993,852
3,005,081
-182,512
-236,315
-'180,040
265,317
372,779
247,544
-7 .2
-9.0
-6.5
lExcess of  b i r ths over  deaths.
2Tota l  of  populat ion at  beginning of  the decade p lus the natura l  increase.
3Potent ia l  populat ion minus actual  populat ion at  the end of  the decade.
Sources:  Comouted f rom U.S.  Bureau of  the Census and Vi ta l  Stat is t ics data.
of  the nat ion as a whole.  Whi le the Uni ted States
exper ienced a 167 percent  growth between 1900 and
1970,  lowa's populat ion only increasedabout2T percent
(Table 2) .
lowa's populat ion increased 67,500,  or  2.4 percent
in the decade between 1960 and 1970.  The natura l
increase ( the number oJ b i r ths minus the number of
deaths)  was 247,544 in the same per iod;  the d i f ference
between the natura l  and the actual  increase being
accounted for  by out-migrat ion (Table 3) .  The out-
migrat ion in  th is  past  decade has s lowed somewhat
compared to the two preceding decades.
lowa's modest  rate of  populat ion growth probably
wi l l  ho ld for  the next  several  decades,  a factor  that  wi l l
a id in  the order ly  development  of  the state 's  land and
water resources.
r r rrowa s rconomy
lowa has long depended on agr icu l ture for  her
economic wel l -being,  and a large share of  the non-farm
industry  of  lowa is  re lated to agr icu l ture.  Near ly  80
percent  of  a l l  workers depend at  least  ind i rect ly  on
ag r i cu l t u re  f o r  t he i r  j obs  i n  chemica l  and  fe r t i l i ze r
product ion,  seed and l ivestock businesses,  or  machine
manu fac tu r i ng .  Today ,  nea r l y  one  m i l l i on  l owans  a re
employed in non-agr icu l tura l  pursui ts ,  compared to
250,000 work ing on lowa farms.
Both agr icu l ture and industry  have v i ta l  in terest  in
water  resource avai labi l i ty ,  water  qual i ty ,  and water  use
po l i c i es  such  as  po l l u t i on  con t ro l  and  f l ood  p la in
manaoemenr.
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FIGURE'14 Rural  and Urban Populat ion
Trends in lowa (1900-1920)
1 9 0 0  1 9 1 0  1 9 2 0  1 9 3 0  1 9 4 0  1 9 5 0  1 9 6 0  1 9 7 0
YEAR
Upper Iowa River near Bluffton, Winneshiek County
K- Formanek
Qual i ty  of  L i fe  and
rbnv t ron  ment
lowa is  v iewed by many as a land of  c lean a i r  and
water ,  unspoi led by modern industr ia l  soc iety.  Al though
lowa does not  face the severe pol lu t ion problems of
more densely set t led and h ighly  industr ia l ized states,  i ts
p o p u l a t i o n  g r o w t h ,  i n t e n s i v e  a g r i c u l t u r e ,  a n d
industr ia l izat ion have had adverse envi ronmental
impacts. Most lowa streams now have some degree of
po l l u t i on ,  a i r  po l l u t i on  p lagues  ou r  u rban  a reas ,  and  so i l
eros ion and indiscr iminate urban sprawl  have scarred
the landscape.  A carefu l ly  formulated p lan for  fu ture
development  of  lowa's water  resources must  address
i tse l f  to  revers ing some of  these undesi rable t rends,
whi le  mainta in ing a level  of  growth and development
commensurate wi th a h igh qual i ty  of  l i fe .
Trumbull and Lost lsland Lakes-natural morainal lakes on the
Des Moines Lobe
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Problems of
3 Development and Use
Water Resou rce Avai labi l i ty
Water resource p lanning requi res a deta i led
knowledge of  a l l  aspects of  the c l imato logy,  hydrology '
and geology oJ the state.  Evaluat ion of  major  sources of
water  are basic  because of  the complex nature and
regional  d ivers i ty  oJ water  resources,  par t icu lar ly  of
groundwater  sources.  To obta in a bet ter  concept  of  the
state 's  water  resource base,  i t  is  recommended that  the
fo l lowing research programs be implemented:
1.  Data on Water  Avai labi l i ty  -  The acquis i t ion of
water  avai labi l i ty  data,  which is  cr i t ica l  to  the
implementat ion of  the state 's  water  qual i ty  and
water  wi thdrawal  regulatory programs,  must  be
expanded i f  the goals of  these proqrams are to
be achieved.  The state should pface a h igh
pr ior i ty  on obta in ing the needed water  data.
The lowa Water Resources Data System
( IWRDS) ,  be ing  p repa red  by  t he  l owa
Geological  Survey,  at tempts to prov ide greater
coordinat ion of  s tate water  data col lect ion and
should be fur ther  develoPed.
2.  Groundwater  Studies -  Specia l  s tudies of  the
hyd ro logical  character is t ics of  cer ta i  n  aqui fers
t h a t  a r e  e x p e r i e n c i n g  h e a v y  p u m p a g e
pressures are urgent ly  needed to ensure that
the aqui fer 's  water  s torage capabi l i t ies are not
being permanent ly  destroyed.
Water Qual i ty
There is  no such th ing as "pure"  water  in  nature.  l ts
qual i ty  is  af fected by numerous natura l  and man-made
factors.  The qual i ty  of  water  cannot  be measured in
iso lat ion;  only  when the in tended use is  considered can
water  qual i ty  be evaluated.
W a t e r  q u a l i t y  v a r i e s  g r e a t l y  a c r o s s  l o w a '
Groundwater  in  several  areas is  unsui table for  many
uses because of  natura l ly  occurr ing h igh concentra-
t ions of  n i t rates and d issolved sol ids.  Sur face waters are
natura l ly  contaminated by sediments and nutr ients
conta ined in sur face runof f ;  however,  humans have
great ly  accelerated th is  process by current  land use
5ract i les.  To th is  natura l  contaminat ion has been added
iox ic  chemicals and organic wastes f rom munic ipal  and
industr ia l  waste t reatment  p lants and l ivestock feeding
ooerat ions.  The decomposing organic wastes can
deplete the d issolved oxygen in the st reams to the
detr iment  of  f ish.  Heat  f rom electr ica l  generat ion or
other  industr ia l  cool ing processes may adversely af fect
the aouat ic  habi tat .
Sur f  ace water  is  a valuable resource for  ass imi lat ing
and carry ing away wastes,  but  unl imi ted use of  th is
resource for  waste d isposal  wi l l  l imi t  i ts  use by others.
Groundwa te r ,  f u r t he rmore ,  does  no t  have  the
assimi lat ive capaci ty  of  sur face water  and must  be
provided wi th a h igh degree of  protect ion f  rom
contaminat ion.  To assure a h igher  degree of  protect ion
f  or  the qual i ty  of  lowa's waters,  the f  o l lowing
recommendat ions are made:
1.  Sani tary Dist r ic ts  -  Legis lat ion should be
adopted requi r ing the format ion of  sani tary
d i s t r i c t s  a round  l akes  and  ru ra l  c l us te r
developments to assure the proper t reatment
and disoosal of wastes f rom homes and
businesses where septic tank systems pose a
threat  to  water  qual i ty .
2. Boal Sanitary Facil it ies - Sanitary facil i t ies for
boats and recreat ional  areas must  be requi red
to protect  publ ic  heal th and water  qual i ty .
3. Nonpoint Source Pollution - State controls are
needed to solve ser ious rura l  and urban
nonpoint  source pol lu t ion problems.  Exis t ing
soi l  conservat ion programs and nonpoint
contro ls  proposed by the Sect ion 208 water
p lann ing  p rog ram shou ld  be  g i ven  the  h ighes t
fund ing  p r i o r i t y ,  and  imp lemen ta t i on  o f  t he
contro ls  should in i t ia l ly  be focused on waters
having the h ighest  va lue to the state.
Groundwater Protection - All phases of well
construct ion and operat ion must  be regulated
to prevent  groundwater  pol lu t ion.  Wel l  dr i l lers
and pump insta l lers must  be l icensed and
m i n i m u m  c o n s t r u c t i o n  a n d  a b a n d o n m e n t
standards enforced.
Solid Waste Disposal - The Department of
Envi ronmental  Qual i ty 's  author i ty  to  regulate
sol id  waste d isposal  should be extended to
inc lude d isposal  of  industr ia l  waste on land
owned or  leased by the industrY.
4 .
5 .
Water  Supp ly  and Use
In  1975,  i t  is  est imated that  over  ' l  .3  t r i l l ion gal lons
(3,990,000 acre- feet)  were wi thdrawn from groundwater
and st reams in lowa for  var ious uses.  This amount  is
equal  to  a wi thdrawal  rate of  3.6 b i l l ion gal lons per  day
(bgd),  or ' l  ,400 gal lons per  day per  person.  An est imated
460 mi l l ion gal lons per  day (mgd) of  that  use were
considered consumpt ive,  meaning the water  is  no
lonqer avai lable because i t  has been e i ther  evaporated,
ffi
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Red Rock Dam and Reservoir
t ranspi red,  incorporated in to products consumed byl i v i ng  be ings ,  o r  o the rw ise  removed  f  r om the  immed ta te
env i ronmen t .
For  Water  Plan '78,  water  use was broken down into
three major  categor ies:  those uses served by publ ic
water  systems,  agr icu l tura l  uses,  and industr ia i  uses( F i g u r e  1 5 ) .
Public Water Systems
I t  is  est imated that  current ly  73 percent  of  thepopulat ion of  lowa is  served by publ ic  systems,  both
munic ipal  and rura l ;  o f  these,  73 percent  are dependent
on groundwater  sources.  per  capi ta use on publ ic
systems has increased f rom 106 gpd in 1g60,  to-145 gpd
in  1975  (Tab le  4 ) .
Corps of Engineers
Industrial Uses
Industr ia l  water  uses are p laced in two categor ies in
the f ramework study:  water  for  power generatron and
wa te r  f o r  manu fac tu r i ng  and  p rocess ing .  As  g raph i ca l l y
demonstrated in  F igure 15,  water  for  en-ergy 
-product ion
far  exceeds any other  wi thdrawals wi th in the state.
However,  the consumpt ive use is  less than for  other
major  user  groups.  A look at  the est imated use in theyear 2020,  however,  ind icates that  in  addi t ion to thegreat  increase in demand tor  water  rn enerovproduct ion,  both in  tota l  quant i ty  and percentage "o i
tota l  use,  the consumpt ive use increases dramat ica l lv(F igu re  16 ) .  By  2020 ,  consumpt i ve  use  fo r  "n " rgyproduct ion exceeds even that  for  i r r igat ion,  the resul t  o fincreased re-use of  water  for  cool ing that  lncreases the
loss of  water  through evaporat ion.  Fur ther  consrdera_
t i on  and  recommenda t i ons  a re  d i scussed  i n  t he  f o l l ow_
rng  sec t i on  on  Wate r  f o r  Ene rgy  p roduc t i on .
TABTE 4 Estimated water Use in lowa, water Used for public supplies*
.Based 
on estimates made
NA - Not avai lable.
Year
Water Withdrawn (MGD) Waler Delivered (MGD)
Waler
Consumed
(MGD)
Ground
Water
Surlace
Water
Ail
Water
Per
Capita
(spcd)
Industrial & Commercial Use Domestic
Use &
Loss
Air
Cond. Olher All Uses
1 960 91 68 160 106 t r { 6 l 72 88 1 6
1 965 150 47 200 104 1 . 2 cb J T 140 1 0
1970 180 73 250 123 NA NA 60 r90 37
1975 216 80 296 145 NA NA 86 210 z+3
by the  U.S.G.S.
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FIGURE 15 Water Withdrawals and Consumption by Use Categories, 1975
Public Systems
Other
Agricultural
Other Industrial
WATER WITHDRAWALS 1975
(3,678 mgd)
COMSUMPTIVE USE.I975
(393 mgd)
FIGURE 16 Estimated Water Withdrawals and Consumptive Use, 2020
Other Industrial
ESTIMATED WATER WITHDRAWALS 2O2O
(27,531 mgd)
ESTIMATED CONSUMPTIVE USE 2O2O
(2,886 mgd)
Other
Agricultural
Agricultural Water Use
There are three categor ies of  agr icu l tura l  water
use-sel f -suppl ied domest ic ,  l ivestock,  and i r r igat ion.
l r r igat ion is  by far  the largest  of  these,  and is  a lmost  100
percent  consumpt ive;  that  is ,  none of  the water
wi thdrawn is  returned to lowa st reams.  Al though
wi thdrawals for  i r r igat ion ranks behind industr ia l  and
publ ic  system wi thdrawals,  i t  is  by far  the major
consumpt i ve  use r  (F igu re  16 ) .
Recommendations
Selected recommendat ions f rom the f ramework
study fo l low:
'1 
. Priority of Use - The state's water permit
system should be expanded to cover large
vo lume  wa te r  uses  tha t  a re  o resen i l v
unregulated;  water  wi thdrawals subject  to  the
system should be a l located by means of
adminis t rat ive ly  set  pr ior i t ies that  are based on
the natu re of the benef icial use of the water and
the adequacy of  supply f rom the source for  the
wi thdrawal .
2. Restriction on Groundwaler Use - Limited
groundwater  suppl ies in  cer ta in areas of  the
state (pr imar i ly  in  the south centra land western
port ions of  the state)  mandate greater  use of
sur face storage i f  water  dependent  economtc
growth is  to  occur .  Large volume industr ia l  and
munic ipal  users of  groundwater  wi l l  have to be
23
subject  to  wel l -spacing and groundwater
drawdown restr ic t ions.  No increases in  oower
generat ion water  uses or  other  comparably
heavy industr ia l  water  use can be a l lowed f rom
groundwater  sources other  than border  s t ream
al luv ia l  aqui fers,  and there only af ter  carefu l
evaluat ion of  the impact  on water  supply and
protect ion f lows.
Natural Lakes - lowa's natural lakes must be
protected:  no new al locat ion of  water  for
consumpt ive uses f rom these lakes should be
al lowed,  and current  users of  natura l  ake water
shou ld  no t  be  pe rm i t t ed  t o  make  any
s u b s t a n t i a l  i n c r e a s e s  f r o m  t h e  o r e s e n r
wi thdrawal  rate.
Water Supply from Federal Reservoirs - The
state of  lowa should establ ish a goal  to  achieve
o p t i m u m  d e v e l o p m e n t  o f  w a t e r  s u p p l y
capabi l i ty  in  a l l  federal  reservoi rs .  The state
should encourage and ins is t  that  the Federal
Government  g ive water  supply s torage an equal
s t a t u s  t o  f l o o d  c o n t r o l ,  r e c r e a t i o n a r
development ,  and other  benef ic ia l  uses,  wi th a
corresponding cost  a l locat ion equal izat ion.
Rural  Waler  Dist r ic ts  -  Development  of  rura l
w a t e r  d i s t r i b u t i o n  s y s t e m s  s h o u l d  b e
cond i t i oned  on  secu r i ng  an  adequa te  and
re l i ab le  supp l y  sou rce  and  on  l im i t i ng  use  o f  t he
system's water  to domest ic  and l ivestock
water ing needs that  wi l l  not  encourage urban
sprawl .
4 .
5 .
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Irrigating crops with center pivot equipment Valmont lndustries
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Misslssippl Biver Flood at Davenport, May 1965 Corps of Engineers
Geological  Survey 's  t ream data col lect ion program'  (4)
the Nat ional  F lood Insurance Program adminis tered by
the Federal  Insurance Adminis t rat ion,  and (5)  the
disaster assistance program of the Federal Disaster
Assis tance Adm i  n is t rat ion.
The state f lood p la in management program has
been carr ied out  pr imar i ly  by the lowa Natura l
Resources Counci l .  The Counci l  rev iews proposals
re la t i ng  t o  f l ood  con t ro l  and  wa te r  resou rces
development  by federal  agencies.  This inc ludes
coordinat ion of  f  lood p la in in format ion studies,  usual ly
conducted by the U.S.  Army Corps of  Engineers and
Jlood insurance programs of  the Federal  Emergency
Management Adminis t rat ion.  The Counci l  is  a lso
charged wi th f lood p la in regulat ion as i t  re lates to any
deveiopment  and construct ion in  the f lood p la in.  Al l
construct ion pro jects in  f  lood p la ins are rev iewed by the
staf f  and the Counci l  and must  meet  i ts  cr i ter ia .
The Counci l  current ly  regulates any construct ion,
escavat ion,  etc . ,  in  the 100-year f lood p la in (See Figure
17),  and prohib i ts  any construct ion in  the 100-yearf  lood
way (that area needed to convey the f loodwater at a 100-
year f lood d ischarge) .  Almost  a l l  s tate or  federal  f lood
pla in management programs re ly  on th is  10O-year f  lood
cr i ter ion which basical ly  means that ,  s tat is t ica l ly '  in  any
given year there is a one percent chance of exceeding a
f low of  that  magni tude.
F lood  P la in  Management
The concept  of  f  lood p la in management is  based on
a publ ic  pol icy that  seeks to min imize l lood damages by
encouraging f lood p la in uses that  are compat ib le wi th
that  goal .  F lood p la in occupancy for  purposes other
than agr icu l ture,  woodlands,  open space,  recreat ion,
and f ish and wi ld l i fe  habi tat  is  ext remely poor  land use.
Exper ience has shown that  the loss of  l i fe  and property
f rom f loods far  outweighs the economic benef i ts  f rom
more intensive uses.  Only e ight  percent  of  the tota l  land
area of  the state is  in  f lood p la ins,  but  there is  an
inord inate amount  of  pressure to develop them for  less
compat ib le industr ia l ,  commercia l ,  t ransportat ion,  and
resident ia l  uses.
The Code of  lowa def  ines a f  lood p la in as " lhe area
adjo in ing the r iver  or  s t ream which has been or  may be
hereaftei covered by f lood water." In many valleys with
steep s ide s lopes,  the f  lood p la in may extend f  rom bluf f
to  b luf f .
There are f  lood p la in management prog rams at  both
the federal  and state levels .  Federal  ef for ts  inc lude:  (1)
the  U .S .  Depa r tmen t  o f  Ag r i cu l t u re ' s  wa te rshed
program for  so i l  and water  conservat ion and f lood
prevent ion,  (2)  the Corps of  Engineer 's  f lood contro l
pro jects and other  f  lood-re lated programs,  (3)  the U'S '
Mlsslssippi River flood at Sabula, 1965 lowa Natural Resources Counci l
Rural flooding, Mrsslsslppi River, 1965 lowa Natural Resources Council
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Unfor tunate ly ,  whi le  the 1OO-year f lood stat is t ic
g ives the publ ic  a sense of  secur i ty ,  nature does not
a lways fo l low probabi l i ty  curves.  lowa is  suf f ic ient ly
large, compared to the area covered by severe local
thunderstorm act iv i ty ,  that  a lmost  every year  some area
of  the state exper iences a f  lood having a 100-year to 500-
year f  requency.  Rainfa l ls  of  up to 12 inches in  6 hours or
less,  and 16 inches in  24 hours,  have caused most  of
these f loods.  This is  the real  concern in  evaluat ing the
f  lash f  lood potent ia l  and hazard to h uman act iv i t les in  the
many smal l  t r ibutar ies in  urban areas.
At  present ,  only  n ine areas of  the state par t ic ipate in
the Flash Flood Warning Network of  the U.S.  Nat ional
Weather  Serv ice.  Many other  areas of  the state have
ser ious potent ia l  for  dangerous f lash f looding.  In  some
instances,  the communi t ies are unaware that  the threat
ex is ts .
The lowa Natura l  Resources Counci l  has proposed
a regional  f lood p la in be establ ished to replace the 100-
year f lood p la in for  contro l l ing f lood p la in occupancy.
The regional  f lood p la in is  the area that  would be
inundated by the INRC regional  f lood,  def ined as a large
f lood representative of f loods which have been observed
on st reams and r ivers of  lowa.  The regional  f lood
excludes extremely rare events,  but  i t  would exceed the
100 -yea r  magn i tude  (F igu re  17 ) .
Recommendations
The lowa Natura l  Resources Counci l  makes the
fo l lowing recommendat ions to fac i l i ta te improved f lood
pla in management in  lowa:
1. Flood Plain Properties Use and Sale - ln order
to better protect l i fe and property f rom severe
f looding,  i t  is  recommended that  leg is lat ion be
adopted to:  A.  Restr ic t  a l l  new construct ion for
human occupancy in  the INRC designated
Reg iona l  F lood  P la in ;  B .  Requ i re tha t thesa leo f
a l l  propert ies in  the INRC Regional  F lood Pla in
be condi t ioned on of f ic ia l  not ice that  sa id
property  is  in  the f lood p la in and subject  to
f  looding;  C.  Provide tax incent ives f  or  owners to
mainta in the f lood p la in in  i ts  natura l  s tate.
2.  F lood Pla in Zoning -  Legis lat ion should be
adopted requi r ing mandatory adopt ion of  f  lood
pla in management ord inances by a l l  count ies
and by c i t ies wi th f  looding problems.  This f  lood
pla in management program would inc lude land
use cntro l ,  zoning,  subdiv is ion regulat ion,  etc .
on  any  l and  i n  t he  INRC Reg iona l  F lood  P la in .
3. Limited Use of Structural Flood Control
Devices -  Al l  nonstructura l  a l ternat ives to
f lood contro l  should be explored pr ior  to
considerat ion of  s t ructura l  measures.  Approval
o f  a l l  s t r u c t u r a l  m e a s u r e s  s h o u l d  b e
condi t ioned on a st r ingent  f lood p la in zoning in
the local i ty  of  the pro ject .  Adverse and
beneficial effects of any proposed structural
project on the total river system will have to be
carefu l ly  weighed.
4. Flood Plain Acquisit ions - Flood plain lands
s h o u l d  c a r r y  t h e  h i g h e s t  p r i o r i t y  t o r
recreat ional  land acquis i t ion.  Mul t ipurpose
acquis i t ion of  f lood p la in land should be
considered as an a l ternat ive to any major
st ructura l  f lood contro l  pro ject .
Stream meandering in straightened channel
lowa Geological Survey
5. Storm Water Management - Major urban areas
should be requi red to incorporate storm water
management and retent ion concepts in  thei r
zon ing  regu la t i ons .
6. Flash Flood Warning Network - A concerted
eJJor t  must  be made to incorporate in to the
Flash Flood Warning Network every major f  lash
f lood prone urban area,  oranyotherareawhere
lack of  warning would create ser ious hazards to
l i fe  and property .  Addi t ional  coordinat ion wi th
the Nat ional  Weather  Serv ice is  recommended.
F ish  and  Wi ld l i f e  and
Water-Or iented Recreat ion
Water is  a focal  point  for  recreat ion such as boat ing,
swimming,  and f ish ing,  or  as a aesthet ic  backdrop for
other  outdoor act iv i t ies.  Demand for  water-or iented
recreat ion is  expected to increase steadi ly  in  the coming
decades,  wi th lowans spending more t ime in recreat ion
because of  increased urbanizat ion,  a shor terwork week,
28
more d iscret ionary income, and increased mobi l i ty .
Unfor tunate ly ,  the provis ion of  addi t ional  water-
oriented outdoor recreation has not kept pace with
growing demands.
Cr i t ica l  recreat ional  resources such as r iver  and
stream corr idors,  lake areas (natura l  and ar t i f  ic ia l ) ,  and
wet lands,  are in  shor t  supply in  lowa.  Fur thermore,  they
are constant ly  being d imin ished by encroachments
such as vegetat ion c lear ing a long lake shores and wi th in
r iver  corr idors,  s t ream channel izat ion,  and wet land
d ra inage .
lowa's remain ing water  resources provide a major
por t ion of  the valuable open space,  recreat ional
opportuni t ies,  and f ish and wi ld l i fe  habi tat  current ly
remain ing wi th in the state.  Also,  the most  s igni f icant
areas of natural scenic beauty are associated with these
resou rces.
The lowa Conservat ion Commission has d iv ided the
state in to seven Outdoor Recreat ion Regions (F igure
18),  and has establ ished pr ior i t ies for  development  of
water-related recreational resources for these regions.
Pr ior i t ies are summarized in Table 5;  a h igh pr ior i ty
means that  the region is  par t icu lar ly  def  ic ient  in  fac i l i t ies
for  that  oar t icu lar  act iv i tv .
K. Formanek
FIGURE 18 Outdoor Recreation Regions
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Fishing on Spir i t  Lake
Recommendations
Recommendat ions per ta in ing to f ish and wi ld l i fe
and water-or iented recreat ion selected f  rom the
Framework Study are:
1. Protected Water Area Program - The state
should fund and implement  hrough the State
Conservat ion Commission a "protected water
area" program. The f  i rs t  s tep in  establ ish ing the
program is  an inventory of  s t ream corr idors,
lake shorel ines,  and wet lands.  Management
powers needed inc lude the author i ty  to  acquire
s c e n i c  e a s e m e n t s ,  b y  c o n d e m n a t i o n  i t
necessary, and the authority to zone protected
water  areas by local  jur isd ic t ions or  by the
Conservat ion Commission i f  a  local  iur isd ic t ion
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fa i ls  to  act .  As an important  component  of  the
program, the Conservat ion Commission should
develop a "scenic r iver  system" designed to
protect  the shorel ines of  the r ivers of fer ing the
best  recreat ional  opportuni t ies and to ensure
greater  publ ic  access to these r ivers.
Stream Use Rights -  The publ ic 's  r ight  to  use
the flow and bed of the state's streams for
recreat ional  purposes should be del ineated by
leg is lat ion.
Flat-Water Recreational Deficiencies - Flal-
water recreational areas should be constructed
in those por t ions of  the state where shor tages
exist ,  such as Water loo,  Sioux Ci ty ,  and Counci l
B luf fs .
TABLE 5 Regional Recreational Priorities
Region
Water Dependent Activities Water Enhanced Activities Statewide Priority
for
Water Dependent
ActivitiesBoating Fishing
N . E .
Swimming Picnicking Camping
I L L L M L Low
2 H M H M H High
J L L M M H Low
4 I L M L L Low
5 H H M L M High
o H M L L M Med.
M H H H M High
Region
Each Region's Highest Priority
Jor Water Deoendent Activities
,l Boating (acreage)1
z Swimming
J Swimming
4 Swimming
Fishing
Boating (access)2
Fishing and Swimming
Region 1 needs more water surface acreage close
to its urban center lo meet additional demands.
Region 6 has an abundant supply o{ natural lakes
but needs more public access sights to meet
additional demands.
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5 .
Boat Operator Controls -The state should
establ ish a boat  operator  t ra in ing and l icensing
program to improve boat ing safety.
Missour i  River  Degradat ion -  The U.S.  Army
Corps of  Engineers '  r iver  s tabi l izat ion and
navigat ion pro ject  of  the Missour i  River  has
increased r iverbed scour ing and currents to
such an extent  that  water  levels  in  adjacent
lakes.  s t reams.  and a l luv ia l  aqui fers have been
lowered by as much as s ix  feet .  The net  resul t  o f
t h i s  deg rada t i on  has  been  the  d ra in ing  and
destruct ion of  wet  lands,  loss of  wi ld l i fe ,
in ter ference wi th water  suppl ies,  and the
creat ion of  hazardous recreat ional  boat ing
c o n d i t i o n s .  T h e  s t a t e  s h o u l d  i n s i s t  o n
immediate remedia l  act ion by the Corps of
Engineers and not  accept  proposals for  s tudies
that  would only delay the remedia l  act ion.  The
state should be compensated for  i r revers ib le
losses to i ts  natura l  resources by th is  pro ject .
Water for Energy Production
Energy product ion is  one oJ the many compet ing
uses for  water .  Wi thdrawals o{  water  for  condenser
cool ing in  thermal-e lect r ic  p lants are by far  the largest
use of  water  in  the energy industry .  Water  is  used in
m in ing  and  rec lama t i on  o f  m ined  l ands ,  p rocess ing  and
ref  in ing of  f  uels ,  convers ion of  so l id  f  uel  in to gaseous or
l iqu id state,  d isposal  of  waste products,  and in other
aspects of  energy product ion.  Water  a lso is  the pr ime
mover in  hydroelectr tc  p lants.
lowa is  not  in  a region where water  suppl ies are
expected to be cr i t ica l ly  shor t ;  however,  there wi l l  s t i l l  be
water  resource problems and conf l ic ts  involved wi th
meet ing the tota l  water  needs of  the expanding energy
indus t r y  and  o the r  bene f  i c i a l  use rs .  Th i s  i s  pa r t i cu la r l y
t rue for  the in ter ior  por t ions of  the state.
:'"1'tta'','' -J- J4+4
,
Coal
Development  of  lowa's coal  resources could have a
signi f icant  impact  on the state 's  water  resources.
Relat ive ly  smal l  amounts of  water  are consumed in
m in ing  ope ra t i ons ,  bu t  l a rge r  quan t i t i es  a re  requ i red  to
remove sul f  ur  and other  impur i t ies f  rom lowa coal  i f  i t  is
t o  mee t  env r ronmen ta l  qua l i t y  s tanda rds .  Coa l
gasi f icat ion is  a promis ing energy source to replace
dw ind l i ng  na tu ra l  gas  and  pe t ro leum supp l i es ;  howeve r ,
i t  could p lace severe st ra ins on water  suppl ies,
par t icu lar ly  in  the coal  producing areas oJ the state
where  wa te r  supp l i es  a re  l im i t ed .  Add i t i ona l l y ,  m in ing
may have an adverse ef fect  on water  qual i ty  in  s t reams
because of  ac id water  runof f  f  rom mining s i tes.
Electricity
The ever- increasing need for  e lect r ic i ty  p laces a
heavy demand on the water  resources of  the state.  Most
of  the present  demand is  met  by steam-electr ic
generat ing p lants,  wi th hydroelectr ic  p lants p lay ing a
very minor  ro le.  The water  requi rement  for  cool ing the
condensers of  the steam-electr ic  p lants const i tu tes the
largest  gross demand for  water  in  lowa and the nat ion,
except  f  or  the natura l  t ranspi rat ion of  water  by growing
crops and other  vegetat ion.
The use of  water forcool ing in  e lect r ica l  generat ion,
for tunate ly ,  is  largely non-consumpt ive;  that  is ,  l i t t le
water  is  lost  by evaporat ion.  Once-through cool ing
systems lose f  rom one to two percent  of  the water  used.
However,  once- through cool ing is  pract ica l  only  on the
border  r ivers where st ream volume is  suf f  ic ient  to  d i lu te
the hot  water  of  the return f  lows.  Closed-cycle systems
wi l l  be requi red at  fu ture generat ing p lants on lowa's
inter ior  s t reams.  These systems requi re less tota l  water
intake than the once- through systems,  but  consumpt ive
use is  greater ,  requi r ing f rom two to four  percent  of  the
Hydroelectric power plant and dam, Ottumwa City ot Ottumwa
3 1
Coal fired generating plant on Missouri River near Council Blutfs
gross condenser cool ing requi rement  as "make-up"
water  to replace evaporat ion losses and to d i lu te mineral
bui ldup.  These requi rements wi l l  p lace st resses on the
natura l  s t ream f lows dur ing drought  per iods at  those
si tes on in ter ior  lowa st reams.
Recommendations
The  fo l l ow ing  recommenda t i ons  conce rn ing
energy production are abstracted from the Framework
Study:
1.  Power Plant  Si t ing -  A comprehensive power
plant  s i t ing program should be developed and
implemented that  inc ludes provis ions for  the
construction of surface storage structures
needed to ensure the in tegr i ty  of  the in ter ior
st reams'  mln imum protected f lows set  by the
lowa Natura l  Resources Counci l .
2. Use ol Existing Reservoir Supplies - Studies
are needed to determine the feasib i l i ty  of
real locat ing water  suppl ies in  ex is t ing federal
reservorrs.
3. Thermal Pollution - Because energy facil i ty
s i t ing and development  must  consider  opt imal
use of  a l l  natura l  resources,  inc luding land,
water ,  and energy,  as wel l  as capi ta l  costs,
once- through cool ing on the border  s t reams
should be considered i f  i t  can be shown that  no
signi f icant  harm to the envi ronment  wi l l  occur .
Council Bluffs Chamber of Commerce
- . l tLOm merc ta t  ano
Recreat ional  Navigat ion
lowa's border  r ivers- the Miss iss ippi  and Missou-
r i -serve as recreat ional  areas and provide imoortant
t ransportat ion routes for  waterborne commerce.  Since
the lowa Department  of  Transportat ion ( IDOT) was
created,  increasing at tent ion has been g iven to the
development  of  these aspects of  the r ivers.  But
cont inued mul t i -agency coordinat ion,  both state and
federal ,  is  needed in v iew of  the in terstate nature of  the
valuable r iver  corr idor  a long each border  r iver .
Addi t ional  recreat ional  par t ic ipat ion wi th other  r iver
basin commissions,  as wel l  as other  federal  agencies,  is
a cont inued need.  Water  Plan '78 recognizes these
important  p lanning e lements:
1.  Miss iss ippi  Lock and Dams -  The Miss iss ippi
River 's  navagat ional  system is  an important
t ransportat ion l ink for  moving the state 's  bulk
agr icu l tura l  products and the system should be
mainta ined and rehabi l i ta ted to oreserve i ts
in tegr i ty .  However,  the state opposes a twelve-
foot  navigat ional  channel  and ser iously  ques-
t ions the feasib i l i ty  of  a year-round navigat ion
season.  The concept  of  a user  fee for  barge
traf f ic  that  encourages a balanced t ransporta-
t ion system should be studied and g iven ser ious
considerat ion.
2. Recreation-Commercial Coordination - Seri-
ous conf l ic ts  between commercia l  and recre-
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at ional  users on the Miss iss ippi  River  have
ar isen,  and the state and federal  government
mus t  deve lop  and  imp lemen t  new managemen t
technioues to bet ter  coordinate these users.
Barge Terminal  Si t ing -  The s i t ing of  barge
te rm ina l s  a long  the  M iss i ss ipp i  R i ve r  shou ld  be
carefu l ly  p lanned and located to ensure min i -
ma l  con f l i c t s  among  compe t i ng  sho re l i ne  uses
and a cost-ef f  ic ient  t ransportat ion system.
Missouri River Navigalion and Bank Stabil iza-
t ion Project  -  An evaluat ion of  th is  pro ject
should be completed as soon as possib le;  the
channel  degradat ion problem is  considered to
be extremely ser ious and remedia l  measures
shou ld  be  commenced  unde r fede ra l  p rog rams
of  the U.S.  Army Corps of  Engineers (See
recommenda t i ons  i n  F i sh  and  Wi ld l i f e  sec t i on ) .
Agr icul tura l  Water  Use
Agr icul ture,  wi th in tensive cul t ivat ion of  over  halJ  of
the land area oJ the state,  has f i rs t  c la im to the state 's
p rec ip i t a t i on ;  t he  wa te r  be ing  u t i l i zed  th rough  the
transpi rat ion of  so i l  moisture by growing p lants.  Studies
of  the severe droughts of  the 1950's and 1970's have
shown that  moisture shor tages are most  cr i t ica l  in
western and nor thwestern lowa,  and on sandier  so i ls .
l r r igat ion may be prof i table in  these areas.  Specia l ty
crops a lso may warrant  i r r igat ion.  Otherwise,  prec ip i ta-
t ion is  suf f ic ient  in  most  years,  making supplemental
i r r igat ion of  doubt f  u l  long- term economic value.
L ivestock water ing is  an essent ia l  water  need,  and
regional rural systems have provided water of better
qua l i t y  and  more  re l i ab le  quan t i t y .
Soi l  eros ion and sediment  problems and the threat
of  water  contaminat ion by agr icu l tura l  chemicals and
l ivestock waste res idues make agr icu l ture an important
factor  in  the state 's  water  qual i ty  contro l  prog ram. Water
Plan '78 summarizes these urgent  considerat ions:
1.  l r r igat ion -  Water  a l locat ion pol ic ies should
acknowledge that  where water  suppl ies are
avai lable,  supplemental  i r r igat ion should have
high pr ior i ty  in  (a)  western and nor thwestern
lowa ,  (b )  on  the  sand ie r  a l l uv ia l  so i l s  o f  t he
state,  or  (c)  for  specia l ty  crops needing supple-
mental  water .  Otherwise,  the pract ice of
supplemental  i r r igat ion should not  be encour-
aged pending addi t ional  physical  and econom-
ic research.  In  western and nor thwestern lowa,
where groundwater  suppl ies are insuf f  ic ient  to
meet  th is  large consumpt ive demand,  fur ther
development  may depend on storage or  water
t ransfer .
2. Soil Conservation and Non-point Source Pollu-
t ion -  An increased emphasis on the contro l  o f
n o n - p o i n t  s o u r c e  p o l l u t i o n  r e q u i r e s  t h e
d e v e l o p m e n t  o f  i m p r o v e d  c o n s e r v a t i o n
pract ices,  increased f  unding to implement
them, and st r ic t  enf  orcement  of  so i l  loss regula-
t ions to cope wi th lowa's severe pol lu t ion prob-
lems caused by agr icu l tura l  runof f  .The Depart -
ment  of  Soi l  Conservat ion and Envi ronmental
Qual i ty  are current ly  developing such an act ion
program.
A Mlssisslppi River towboat passlng the Dubuque Commercial Harbor lowa Development Commission
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Sail ing at sunset, Clear Lake
Law and Covernment
Water resource management in  lowa involves over
th i r ty  agencies at  the state,  county,  muncipal ,  and
specia l -purpose d is t r ic t  levels  of  government .  These
agencies adminis ter  numerous and of ten in terdepen-
dent  programs.  A summary matr ix  of  these programs
and the agencies that  adminis ter  them is  prov ided in
F igu re  19 .
State level
Whi le there are numerous state agencies having
water  resource management programs,  f ive agencies
carry the pr imary responsib i l i ty  for  th is  management:
the lowa Natura l  Resources Counci l  ( INRC),  the
D e p a r t m e n t  o {  S o i l  C o n s e r v a t i o n  ( D S C ) ,  t h e
Department  of  Envi ronmental  Qual i ty  (DEO),  the lowa
Conse rva t i on  Commiss ion  ( lCC) ,  and  the  l owa
Geological  Survey ( lGS).  The internal  organizat ional
st ructure of  these agencies is  i l lust rated in  F igure 20.
The State Comptro l ler 's  Of f ice c lass i f ies these
agencies,  as wel l  as several  others,  by funct ion as
"natura l  resource" agencies for  budgetary purposes.
Table 6 prov ides a breakdown of  the general  fund
app rop r i a t i ons  among  va r i ous  func t i ona l  agency
classes by the 67th General  Assembly for  f iscal  year
1978 .  As  the  tab le  i nd i ca tes ,  na tu ra l  r esou rce
management programs compr ise less than 2 percent  of
a l l  general  fund appropr iat ions.  Table 7 prov ides a
f  ur ther  breakdown of  general f  und appropr iat ions wi th in
the natura l  resource funct ional  c lass i f icat ion for  each
agency.
The INRC water  resource programs focus on f lood
pla in management,  regulat ion of  water  wi thdrawals and
use,  and water  resource p lanning and coordinat ion.
Speci f ic  act iv i t ies engaged in by the INRC inc lude
lowa Conservation Commission
establ ish ing f lood p la in encroachment  l imi ts ,  issuing
f l ood  p la in  cons t ruc t i on  pe rm i t s ;  r egu la t i ng  t he
construct ion and operat ion of  f  lood contro l  pro jects and
mi l l dams ;  regu la t i ng  changes  i n  wa te r  l eve l  beh ind
dams; processing appl icat ions and issuing permi ts  for
d ivers ion,  s torage,  and wi thdrawal  of  water  for  uses
subject  to  the permi t  system; prepar ing and updat ing a
water  p lan for  contro l ,  u t i l izat ion,  and protect ion of  the
state's water resources; coordinating federal water
resource pro jects wi th s tate,  county,  and local  needs;
and  regu la t i ng  o i l  and  gas  we l l  d r i l l i ng  and  the  use  o f
water  in  the dr i l l ing process.
The DSC adminis ters the state 's  sur face mined land
reclamat ion program, assis ts  the state 's  ix  conservancy
dist r ic ts  1CD's)  and 100 soi l  conservat ion d is t r ic ts(SCD's) ,  in  adminis t rat ion o{  so i l  eros ion abatement
programs,  and engages in nonpoint  source water
pol lu t ion abatement  p lanning in  cooperat ion wi th DEQ
and EPA.
The DEQ adminis ters the state 's  a i r ,  land.  and water
pol lu t ion contro l  and abatement  programs.  In addi t ion,
DEQ also adminis ters a publ ic  water  supply program
that  involves set t ing of  safe dr ink ing water  s tandards;
regulat ing construct ion,  operat ion,  and maintenance of
publ ic  water  supply and d is t r ibut ion systems;  and
prepar ing a safe dr ink ing water  emergency p lan for  the
state.  Other  DEQ programs indi rect ly  af fect ing water
qual i ty  inc lude regulatory programs re lat ing to sani tary
landf  i l l  pro jects,  sp i l l  prevent ion and c leanup of
hazardous mater ia ls ,  land appl icat ion of  res idual
wastes,  and the sale and use of  agr icu l tura l  chemicals,
inc luding fer t i l izers and pest ic ides.
The ICC adminis ters the state outdoor recreat ion,
f  ish and wi ld l i fe  programs and regulates construct ion of
the beds of the state's meandered streams. The outdoor
recreat ion programs inc lude acquis i t ion,  development ,
and operation of state parks, waters, forests, recrea-
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FIGURE 19 Agency-Program Matrix of towa's Water and Related Land Resources
KEY
R- Agency has regulatory power over pr ivate sector  act ions involv ing the water re lated act iv i ty .
N- Agency has power to implement programs involv ing the water re lated act iv i ty
The numerical  superscr ipts to "R" and "N" refer  to footnotes c i t ing pert inent  lowa Code sect ions.  The footnotes are part  of  the Law and Government Tasl
Force Report ,  but  they have been omit ted f rom the Framework Study due to their  length.
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STATE AGENCY:
lowa Natural Resources
Council R ! R2 R3 R4 Rs R6 R7 R8 Ri 110
R l 1 R1 R 1 Re Re Re Re R12 N 1 3 Fl14 1 1 s
Department of
Environmenal Quality R 1 6 R 1 7 R 1 8 R l e R20 R21 R22 R2: 424 N2s R22 R 1 6 R26 ?1 
. R22 R22 R22 127
Department of Soil
Conservation N28 R2s R30 R31 R 3 1
R31 '132
lowa Geological Survey N33 N3 N33 N33 N3: Ns Rss N36 N33 N33
lowa Conservation
Commission R37 N4' R3e N38
R3e R40 R3e R41 R42 R43 Rs N4s !45 N46
Department of Health R47 447 R47
Department of Agriculture R48 N4e
lowa Commerce
Commission R50 Rso
R51 Rs2
Department of
Transportation N53 R3
Rs Rss N56 Ns7 \156 Nsl
lowa Development
Commission
Nss
Energy Policy Council N60 N60 \60 N50
Office for Plannirg and
Prmramminq
N61
Executive Council N62 R63 Ns
State Hygienic Lab N6s
Historic Departnent N66 N66
Mississippi Parkway
Plannirg Commission
N67 {6 ; N67
State Extension Ntr Nm Ns Ns N68 !68 Ns N6s
SPECIAL PURPOSE
DISTRICTS:
Conservancv Districl \70 N70 N70 N7( N70 N 7 1
Soil Conservation Districl N72 N72 N72 N72 R72 N72 !7:
Drainaoe or Levee
- Districts N74 N75 !75 N7s N7s
N76
Erosion and
Flood Control N77 N77 N77
N77 !77 N77
County Agricultural
Extension District {78 N78 N78 N78 N78
N78 N78 N78 N78
Rural Waler District N7! N7s N7s N7! N7! N7s N82
Benef ited Water District N8c N80 N80 Ne0 N8( N80 N82
Sanilary Districl {81 N81 N 8 r N8'
iretropolitan or Regional
Plannirn Commission
N8'
COUNTY R83 R84 R85 R86 R87 \86 N86 N88 N86 N8s Nsc Ne0 Ne0 Nel Ns,
MUNICIPAL
t ional  areas,  and preserves;  preparat ion of  an outdoor
recreat ion p lan;  designat ion of  scenic r ivers;  super-
v is ion of  county conservat ion boards;  and regulat ion of
rec rea t i ona l  nav iga t i on .  The  f i sh  and  w i l d l i f e  p rog rams
inc lude  es tab l i shmen t  and  en fo rcemen t  o f  spo r t  and
commerc ia l  f i sh  and  game laws ;  ope ra t i on  o f  f  i she r i es
and  game fa rms ;  and  acqu i s i t i on  and  ma in tenance  o f
f i sh ing ,  game managemen t ,  and  hun t i ng  a reas .
The IGS is  unique among the state 's  water  resource
agenc ies .  Un l i ke  t he  above  agenc ies ,  IGS  i s  no t  requ i red
to regulate,  develop,  or  manage any natura l  resources.
Instead,  i t  is  author ized to engage in research and data
co l l ec t i on .  I n  t h i s  capac i t y ,  IGS  p rov ides  ex tens i ve
techn i ca l  ass i s tance  to  o the r  agenc ies  and  the  pub l i c .  I n
pa r t i cu la r ,  IGS  p rov ides  s ign i f i can t  t echn i ca l  suppo r t
serv ices re lat ing to water  avai labi l i ty  and water  qual i ty
needed  by  t he  INRC and  DEQ in  admin i s te r i ng  t he i r
water  re lated programs.  Pr ivate wel l  dr i l lers  a lso re ly
heavi ly  on IGS data.  Some of  the research and data-
co l l ec t i ng  ac t i v i t i es  o f  IGS  i nc lude  mon i to r i ng  s t ream
f lows  fo r  quan t i t y  and  qua l i t y ,  i n  coope ra t i on  w i th  t he
U .S .  Geo log rca l  Su rvey ;  p repa r i ng  the  bas i c  wa te r
ava i l ab i l i t y  da ta  f  o r  INRC 's  Wa te r  P lan  ' 78 ;  i nves t i ga t i ng
the  s ta te ' s  unde rg round  wa te r  supp l i es ;  mapp ing  o f
f l ood  p la ins  w i t h  soph i s t i ca ted  ae r i a l  pho tog raphy ;
s tudy ing  the  economic  f eas ib i l i t y  o f  i r r i ga t i on  and  coa l
m in ing  i n  l owa ;  ass i s t i ng  DEQ in  es tab l i shmen t  o f
geological  cr i ter ia  for  se lect ion of  sani tary landf  i l l  s i tes;
and  i nves t i ga t i ng  t he rma l  wa te r  po l l u t i on .
1 1
Besides the above f ive agencies,  other  s tate
agenc ies  w i t h  l ess  ex tens i ve  respons ib i l i t y  i n  wa te r
resou rce  managemen t  i nc lude  the  Iowa  S ta te  Commer -
ce  Commiss ion ,  Depa r tmen t  o f  Hea l t h ,  Depa (men t  o f
T ranspo r ta t i on ,  Depa r tmen t  o f  Ag r i cu l t u re ,  l owa  S ta te
H is to r i ca l  Depa r tmen t ,  Ene rgy  Po l i cy  Counc i l ,  l owa
Deve lopmen t  Commiss ion ,  O f f i ce  o f  P lann ing  and
Prog ramming ,  Execu t i ve  Counc i l ,  Depa r tmen t  o f  Pub l i c
De fense ,  M iss i ss ipp i  R i ve r  Pa rkway  Commiss ion ,  I n te r -
Agency  Resou rce  Counc i l ,  and  va r i ous  resea rch  and
serv ice inst i tu tes af f i l ia ted wi th the state univers i tV
system.
County Level
Coun ty  gove rnmen t  i s  ves ted  w i th  va r i ous  du t i es
and  powers  d i rec t l y  o r  i nd i rec t l y  a f f ec t i ng  wa te r
resources.  Many of  these powers are vested in  the
coun ty  boa rd  o f  supe rv i so rs ,  wh i l e  o the rs  a re  ves ted  i n
admin i s t ra t i ve  subun i t s  o f  t he  coun ty ,  such  as  t he
coun ty  conse rva t i on  boa rd ,  t he  coun ty  boa rd  o f  hea l t h ,
t he  zon ing  commiss ion ,  o r  t he  wea the r  mod i f i ca t i on
boa rd .  These  coun ty  agenc ies  a re  i nvo l ved  i n  f  l ood  and
so i l  e ros ion  con t ro l ;  wa te r  qua l i t y ,  p r i nc ipa l l y  t h rough
the  regu la t i on  o f  was te  d i sposa l ;  es tab l i sh ing  o f  r u ra l
wa te r  d i s t r i c t s ;  i nves t i ga te ,  deve lop ,  and  eva lua te
wea the r  mod i f i ca t i on  p rog rams ;  and  gene ra l  l and  use
contro ls  that  may af fect  water  resources.
TABTE 6 67th General Assembly Appropriations f rom the General Fund for FY 1978*
and Governor's Recommendation for FY 1979 by Agency Function**
-Source :  Exh ib i tD f rom"Sta teo f  lowaGenera l  FundSta tement ,Ju ly ,  l9TT"preparedby theSta teCompt ro l le r (da tedOctober l2 ,  1977) .
- - S o u r c e :  E x h i b i t D o f  G o v e r n o r ' s B u d g e t S u p p l e m e n t t o t h e S e c o n d S e s s i o n o f  t h e 6 T t h G e n e r a l  A s s e m b l y ( d a t e d J a n u a r y 1 1 , 1 9 7 B ) .
+Percentage Adjusted to ref lect DEQ sewage grant aid of $2,000,000 and DSC conservation cost share of $4,230,000 inclusion in Natural
Resource category and exclusion from Miscel laneous Tax Credit and Aids category.
++Percentage Adjusted to ref lect DEQ sewage grant aid recommendation of $2,000,000 and DSC conservation cost share recommenda-
t ion  o f  $4 ,250,000 inc lus ion  in  Natura l  Resource  ca tegory  and exc lus ion  f rom Mrsce l laneous Tax  Cred i t  and A ids  ca tegory .
Agency Function
1978 FY Gov. Rec. lor FY 1979
Appropr iat ion Percentage Appropr iat ion Percentage
State Departments 74,84O,075 5"35 83.938.750 5.61
Educat ion 717,998,167 51.42 776,441,519 51 .85
Human Resources 266.988.047 1 9 t z 283.347.006 18 .92
Transportation and
Law Enforcement
28.890.720 2.06 31,477,470 2 . 1 0
Natural Resources 17,833,051
(24,063,051)+
1 . 2 7
(1.72\+
22,115,601
(28,365,601)++
1 .48
(1 .90 )++
Miscel laneous Tax Credi ts .  Aids,
Inc. Offsets, and Tax Refunds
289,580,077
(283,350,077)+
20.74
(20.29)+
300,014,486
(293,764,486)++
20.44
19.62 ++
TOTAL
General Fund Appropriations 1,396,090,137 100 1,497,334,832 100
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FIGURE 20 Organizational
Responsibil i ty
Structure of lowa's
for Water Resource
Five Agencies Having Primary
Management
LEGISLATURE
IOWA
CONSERVATION
cot\,4N,1tssroN
DEPAFTI\,IENT
OF SOIL
CONSERVATION
DEPARTIVIENT OF
ENVIRONI\,4 ENTAL
QUALITY
IOWA NATUF]AL
RESOURCES
COUNCIL
Regional Program
Div is  on
S x Regional Off ices
County Conservation
Boards
G.R.E.A.T .  P lann i l
Division of Land
& Waters
Natura Fesources
Group
T"ch.rc"re,,pp"rt
D iv is  on
Board of Certificat on
Ar  &  Land
ra l i t v  D v is ion
1. The Conservation Commission consists of seven citizens know-
ledgeable in conservation matters who are appoanted by the Gov-
ernor with the approval of two-thirds of the Senale. No more than
four may be of the same political party when appointed.
2. The State Soil Conservation Committee consists of six farmers,
one city representative and one mining representative who are
all appointed by the Governor with Senate confirmation, and live
ex oflicio nonvoting members.
3. The Land Rehabilitation Board serves in an advisory capacity to the
Department of Soil Conservation and consists of a geologist, fores-
ter, agronomist, wo surface mine operators, and representatives
of the Soil Conservation Committee and the lowa Natural Re-
sources Council.
4. The Execulive Committee consists of the chairpersons of the
four department commissions and six nonvoting qLqllDlq mem-
bers.
5. The Air Quality Commission consjsls of one farmer, one man-
ulacturer and two electors of the state, who are all appointed by
the Governor with twothjrds Senate approval, and the president
of the lowa [,4edical Society.
6. The Soiid Waste Disposal Commission consists of one Jarmer,
one manuJacturer and two electors of the state, who are all ap-
pointed by the Governor with lwo{hirds Senate approval, and
the president of the lowa Engineering Society.
7. The Water Quality Commission consists of one farmer, one
manufacturer and two electors who are all appointed by the
Governor with two{hirds Senate approval, and the chairperson
of the lowa Development Commission
8. The Chemical Technology Commission consists of a chemical
manufaclurer and a farmer, who are appointed by the Governor
with two{hirds Senate approval, and seven ex officio members.
L The lowa Natural Resources Council consists of nine voting
members appointed by the Governor with twoJhjrds Senate ap-
proval, and one nonvoting ex officio member representing the
Department of Environmental Quality.
10. ThelowaGeological Board consistsof theGovernor, Auditorof the
State, presjdents of lowa State University, and The University of
lowa and president ol the lowa Academy o{ Science.
--- Denotes an adminislrative or coordinatino relationshiD.
3B
Urban Level
Under the 1968 state const i tu t ional  amendment,
grant ing broad home ru le powers to munic ipal i t ies,  a
c i ty  may engage in a lmost  any water  resource program
sub jec t  o  t he  f o l l ow ing  l im i t a t i ons :  ( 1 )  t he  ac t i v i t y  mus t
be f inanced only f rom specia l  taxes author ized by the
General  Assembly;  (2)  the act iv i ty  is  consistent  wi th
exis t ing state law;  and (3)  the act iv i ty  re lates to local
af fa i rs .  The f  ina l  l imi tat ion p laced on home ru le can only
be resolved by judic ia l  degree to determine whether  a
proposed pro ject  is  " local" .
Special-Purpose District Level
The lowa Code author izes the creat ion and
operat ion of  numerous specia l -purpose d is t r ic ts .  Eight
such d is t r ic ts  have programs af fect ing water  resource
management.  These inc lude:  conservancy d is t r ic ts
(Chapter  467D),  so i l  conservat ion d is t r ic ts  (Chapters
455,  456,  457) ,  so i l  eros ion and f lood contro l  d is t r ic ts
(Chapter  467C),  county agr icu l tura l  extension d is t r ic ts
(Chapter  1764),  rura l  water  d is t r ic ts  (Chapter  3574),
benef i ted water  d is t r ic ts  (Chapter  357) ,  and sani tary
dis t r ic ts  (Chapter  358) .  Each d is t r ic t  has i ts  own pol icy
mandates,  procedure for  format ion,  adminis t rat ive and
funding powers,  personal  jur isd ic t ion,  and author ized
act iv i t ies.  The enabl inq acts should be consul ted for
oar t icu lars.
